Background: Treatment of metastatic bone tumors is challenging due to the morbidity associated with patients with metastasis. The present case report described a patient with successful treatment of bone metastasis using cryoablation with plate and cementation to prevent fracture for bone metastasis of leiomyosarcoma in the mid-shaft of the femur. Case report: The metastatic tumor was located at intramedullary lesion of the femur. At first, cryoablation was performed under local anesthesia. After one week after cryoablation, curettage and fixation with plate and cementation were performed to prevent fracture. Tumor cells were not observed in the histopathological findings of the curettage tissue. Four years after cryoablation, there was no recurrence and the patient could walk without any support. Conclusion: We suggest that a tumor with limited cancellous bone and of a small size may undergo cryoablation. The prevention of fracture after cryoablation should be considered.
Introduction
Treatment of metastatic bone tumors is challenging due to the morbidity associated with patients with metastasis. Leiomyosarcoma is known to metastasize to distant sites in up to 30% of the cases. 1 Survival after metastasis is poor, and the 5-year post-metastatic survival rate was reported to be 15% and 40%. [2] [3] [4] However, if the metastases can be completely resected, the prognosis may be improved. The present case report described a patient with bone metastasis of leiomyosarcoma in the mid-shaft of the femur. Generally, resection of segmental bone defects after intercalary resection of the femur is performed with endoprosthesis, 5 distraction osteogenesis, 6 allograft, 7 and autologous graft, 8 which are all highly invasive procedures. Cryosurgery as surgical adjuncts in the treatment of aggressive benign bone tumors was reported and demonstrate that the ability of cryosurgery to eradicate tumors while avoiding the need for extensive resections and reconstruction procedures. 9 Cryoablation for bone metastasis was reported to reduce pain, and its utility as the curative treatment for metastasis is well-known. [10] [11] [12] Here, we report a case with successful treatment of bone metastasis using cryoablation with plate and cementation to prevent fracture. The approval of institutional review board was waived because of the nature of retrospective nature. The written informed consent to publish case details in the present report was obtained from the patient.
Case report
A 49-year-old woman visited the clinic due to a mass in her right thigh. The patient first noticed the mass four years prior to presentation. After needle biopsy was performed, she was referred to our hospital with a diagnosis of leiomyosarcoma. A physical examination confirmed the mass with a diameter of 4 cm on the lateral side of the right thigh. There was no adhesion with skin and no tenderness.
Magnetic resonance imaging (MRI) identified a subcutaneous soft tissue mass, which exhibited low signal intensity on T1-weighted images and heterogeneous signal intensity on T2-weighted images. The tumor was enhanced by a gadolinium injection (Figure 1 ). Computed tomography (CT) of the chest, abdomen, and pelvis did not demonstrate any distant metastasis. All routine blood laboratory data were normal. Wide tumor resection was performed. Adjuvant chemotherapy and radiotherapy were not administered because of the small (<5 cm) and superficial tumor.
One year and 3 months postoperatively, the patient developed lung nodules. The maximum size of the lung nodules was 5 mm. Therefore, excisional biopsy was performed. The histopathological diagnosis was consistent with lung metastasis of leiomyosarcoma. Positron emission tomography (PET)-CT revealed the high FDG uptake with a maximum standardized uptake value of 4.4 in the lung and the right mid-shaft of the femur. On MRI, the tumor size on the mid-shaft of the right femur was 2 cm (Figure 2 ). The cortical bone was maintained, and therefore, the patient did not present any symptoms. We diagnosed the patient with lung and bone metastases. Therefore, systemic chemotherapy using doxorubicin and ifosfamide was administered. Next, we planned to treat the bone metastasis of the right femur. First, cryoablation under CT guidance was performed ( Figures 3 and 4) . Ablation needles were inserted into the proximal and distal side of the tumor. Cryoablation was performed using an argon gas-based system (CryoHit, Galil Medical) under CT-fluoroscopic guidance (Aquilion ONE, Canon Medical System, Ootawata Japan). After administration of local anesthesia with 1% lidocaine (Xylocaine, AstraZeneca International), after tract was holed by electric drill, 17-gauge cryoprobes (IceRod; Galil Medical, Japan) were placed into the tumor according to their size and shape. Cryoablation was then performed with two cycles of 15-min freeze and 5-min thaw. 13 To monitor the size of the ice ball, CT scans were obtained at the end of each freezing cycle. After one week after cryoablation, curettage and fixation with plate and cementation were performed to prevent fracture. Tumor cells were not observed in the histopathological findings of the curettage tissue (Figures 5 and 6 ). After cryoablation, radiofrequency ablation was performed regularly for lung metastases. Four years after cryoablation, there was no recurrence and the patient could walk without any support. 
Discussion
In the present case, cryoablation proved to be a useful method to treat bone metastasis in a patient with leiomyosarcoma. Moreover, the reinforcement using plate and cementation may be effective to prevent fracture, and the patient was able to maintain activity for up to 4 years. Generally, resection of a segmental bone defect after intercalary resection of the femur is performed via endoprosthesis, 5 distraction osteogenesis, 6 allograft, 7 and autologous graft. 8 However, these are highly invasive procedures and revisional surgery may be considered due to loosening, infection, pseudo-joints, and bone absorption. 5 If the primary bone sarcoma is located in the mid-shaft of a long bone, these procedures may be indicated. However, these procedures should be considered with caution in patients with bone metastasis due to the poor associated mortality. Cryoablation was first described in the 1800s and has since evolved into a mainstay therapy within dermatology and its percutaneous application was subsequently Figure 4 On CT, the density of right metastatic femur was different from that of opposite side (right). After the cryoablation, contrast-enhanced CT showed the frozen region (middle). Finally, plate fixation and cementation were performed (left). Figure 3 After tract was holed by electric drill, ablation needles were inserted into the proximal and distal side of the tumor.
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modified for musculoskeletal tumors. [14] [15] [16] Marcove et al described the first report of 20 primary and metastatic bone tumors in 1968. 16 They reported that the relief from pain was complete in a large part of the patients.
Cryoablation has an advantage in that it can treat irregular and/or large tumors by using multiple synergistic probes using live CT monitoring; an ice ball is used to confirm the treated lesion and prevent complications. Furthermore, it can be applied repeatedly. Deschamps et al reported that the local control rate after cryoablation of bone metastasis was 67% at 1 year if the size was less than 3 cm in diameter. 10 They also suggested that a size of 2 cm was a good prognostic factor for local control. McMenomy et al reported that local control was acquired in 13 (68%) of 19 bone metastases. 11 They also reported that 32 of 33 treated soft-tissue metastases were locally controlled. They explained that the differences between these results may be because of the occasional underappreciation of the extent of the bone metastasis or limited visualization of the ice ball within bone on CT at the time of the cryoablation procedure. In addition, the ice ball margin can be difficult to appreciate in sclerotic lesions or those without large, distinct osteolytic or soft tissue components. 11 In the present case, we considered that the metastasis may be controlled because the tumor was 2 cm in size and the cortical bone was not destroyed. In addition to local effect, cryoimmunology has shown promising results in several cancers after cryosurgery and is expected to influence the next generation of tumor immunotherapy. [17] [18] [19] The cells that die via necrosis after freezing release preserved intracellular organelles, antigens and damage associated molecular patterns (DAMPs). 20 Dendritic cells (DCs) that phagocytize DAMPs activate the nuclear factor kappa-lightchain-enhancer of activated B cells (NF-kappa B) pathway, which then promotes the expression of co-stimulatory CD80/86 molecules. 21, 22 DCs that present antigens on major histocompatibility complex (MHC) molecules and show co-stimulators stimulate T-cells and promote systemic immune response.
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The rate of fracture after cryotherapy has been reported as being between 6.5% and 16.7%. 9, [26] [27] [28] To reduce the possibility of fracture, reconstruction of large defects to support the tumor cavity is recommended because frozen bone shows trabecular necrosis with disruption of the osteoid seams and extensive marrow necrosis. 9 Frozen bone re-ossifies slowly and often incompletely. Deschamps et al recommended cementation after cryotherapy to prevent fracture. 10 Mirels et al recommended performing internal fixation prophylactically in cases with a high probability of pathological fracture. 29 In the present case, we used a plate and cement to prevent fracture after cryotherapy, according to previous reports. Four years after cryoablation, there was no recurrence and function was maintained, although further follow-up should be necessary for the evaluation of local control. In conclusion, cryoablation may be a safe and effective treatment for bone metastasis from soft tissue sarcoma. We suggest that a tumor with limited cancellous bone and of a small size should undergo cryoablation, although a large-scale study should be necessary for further validation.
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